Structural elucidation and NMR peak assignment of cyclobutane adducts 3-5 and 7-10
The spectral assignment of the htt r-cct dimer 3 was greatly facilitated by the observation that under basic conditions dimer 2 undergoes epimerization, with the recovery of dimer 2 and 3 upon workup of the reaction. Deprotonation alpha to a pyrimidine is known in the literature, 1 and had been previously observed in our lab with a different alkyl pyrimidine substrate. 2 While strong bases such as NaH cause immediate deprotonation to form a brightly-colored ionic intermediate, even weaker bases such as K 2 CO 3 cause slow epimerization to give a thermodynamic mixture of the two isomers over the course of hours (scheme S1). As with the htt r-ctt isomer 2, the NOE spectra were obtained for the htt rcct dimer 3 and successful assignment of the cyclobutyl protons was made ( figure S5 ). Scheme S1. Base-catalyzed epimerization of cyclobutane 2 to form cyclobutane 3. Of the three remaining un-assigned head-to-tail cyclobutanes, it is unlikely that the extremely sterically-hindered r-ccc dimer 6 would be formed in an isolable quantity. Indeed, gas-phase energy calculations of the five htt dimers show that the minimized r-ccc structure is 6-11 kcal/mol higher in energy than that of the other four isomers. With the assumption that this compound is not formed upon solid-state irradiation, the spectral assignments of the other two isomers are made relatively easily.
Although the r-ctc and r-tct dimers 4 and 5 both have a plane of symmetry causing the protons from H B to be magnetically identical ( figure S6 and S7) , only the r-tct dimer 5 has a second plane of symmetry producing a total of only two cyclobutyl proton peaks in the 1 HNMR. The r-ctc dimer 4 must have three cyclobutyl proton peaks, and consequently the assignments are made as shown, along with NOE analyses, in figures S6 and S7.
6 The head-to-head photodimers can easily be differentiated spectroscopically from the head-totail dimers by the unique AA'BB' quartets in the spectra of the symmetric htt cyclobutanes. This is in contrast to the triplets and doublets of doublets found in the 1 HNMR of the head-to-tail dimers. There is a single plane of symmetry in the hth r-ctt isomer 7 and a C 2 -rotation axis in the hth r-tct dimer 10, giving both of these compounds only two unique cyclobutyl proton peaks in their 1 HNMR. In contrast to this, there are no symmetry elements in the hth r-tcc and r-ctc dimers 8 and 9. Consequently, each alkyl proton in these compounds is magnetically distinct, and four proton peaks are observed in each spectra, although in each case the two most up-field peaks overlap one another. This distinction makes the hth compounds 8 and 9 unique among the set of eight isolated cyclobutanes, and allows them to be readily distinguished from the htt dimers 3 and 4. As with the head-to-tail dimers, and due to similar considerations, the all cis hth r-ccc dimer 11 was assumed not to have formed during the solution-state irradiations.
Differentiation between the two symmetric hth cyclobutanes can be readily accomplished by NOE analysis. As would be anticipated, the hth r-ctt isomer 7 shows no NOE enhancement of the opposing cyclobutyl protons upon irradiation of either H A or H B ( figure S8 ). Conversely, as shown in figure S9, irradiation of either H A or H B in the hth r-tct dimer 10 shows modest NOE enhancment of the alternate cyclobutyl peak (ca. 11%, figure S9 ). This analysis, coupled with results from dimerization studies of the derivatives of 1 discussed in the main text, firmly place the spectral assignments of 7 and 10 as shown. Unfortunately, the NOE experiments proved less enlightening for the hth r-ctc and r-tct dimers 8 and 9. While satisfying NOE peak assignment/compound identification can be made for each isomer, almost equally satisfying assignments can be made if the compound assignment is swapped. As such, the cyclobutanes have been assigned, somewhat arbitrarily, as shown with their NOE enhancements in figures S10 and S11. This C level alert for ga21sasx.cif (r-1,t-3-Bis(2,4-dichloropyrimid-6-yl)-c-2,t-4-diphenylcyclobutane 2)occurs because 100% of the data could not be collected for the data crystal because of the geometry of the diffraction instrument. 97.9% of the observable data is sufficient data to refine a reasonable structure model. The IUCr only requires 95% of the observable data to be reported. These C level alerts for ga21sasx.cif occur because cifcheck cannot determine the hybridization of the C4 atom. This occurs because the phenyl ring attached to the C4 atom was disordered over 2 sites. The C4 atom is sp3 hybridized and has a single C-C bonds to both C1 and C3. These bonds are as long as the C2-C1 single bond in the same ring (1.57 Ang.). 
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